In an area that contains high concentrations of natural organic matter, it is expected that it plays an important role on the behavior of rare earth elements (REE) 
Introduction
Natural organic matter (NOM) plays a major role on the geochemical cycle and transport of major and trace elements in natural and contaminated environment. The knowledge of radionuclides transport in the geosphere is a key issue for the assessment of the safety of nuclear facilities. Humic acids (HA) and fulvic acids (FA) provide excellent analogues for the reactive components of NOM in soils and rivers and can be used to model metal ion binding to NOM. (1) (2) (3) (4) . However, these data sets are frequently not interpreted within consistent modeling framework approaches. Moreover, studies integrating competitive binding effects are scarce. These competition mechanisms between classes of cations (5-7), whereas others are not (8) (9) (10) (11) , can be interpreted in the framework of NICA-Donnan model (12) (13) (14) . Competitive experiments between Eu 3+ and cations that can bind differently to humic substances could complement the available information. (12) Since the work from Milne et al. (13, 14) , NICA-Donnan generic data for HA and FA proton and metal binding are available. It has been shown that these data can be used, in a first approximation to describe the complexation comportment of various humic samples (15, 16) , even if specific data are often still needed in order to increase the confidence in both the model prediction and of the generic data (17, 18 
Materials and Methods
Humic Acid Sample. The Gohy-573 HA was extracted from one of the deep groundwaters in the Gorleben area and was provided by Manfred Wolf (Institut für Grundwasserökologie, GSFForschungszentrum für Umwelt und Gesundheit, Munich, Germany). Its isolation, purification and characterisation are described in detail elsewhere (19, 20) . At each step, the concentration of free M 2+ was measured after the pH has been stabilized at pH 5.5 for 10 min and the drift of the electrode was less than 0.1 mV/min. The concentration of free Cu 2+ in the solution was then corrected from the dilution factor (less than 10 %), and the amount of Cu 2+ bound to Gohy-573 HA was calculated as the difference M(II) total -M 2+ free .
Reagents

Time-Resolved Laser Fluorescence measurement.
The free europium concentration in solution was measured using TRLFS. All luminescence measurements were performed at ambient temperature. In the TRLFS experiments a wavelength tuneable Nd:YAG/OPO system (Spectra Physics/GWU) operating at 20 Hz was used as excitation light source. The spectra were recorded 6 with an intensified CCD camera (Andor Technology) coupled to a spectrograph (MS257, Oriel Instruments) as detector. For the time-resolved detection the luminescence signal is collected over a certain time interval (gate width) a certain time (gate delay) after excitation by the laser flash. In the experiments the gate delay was set to 10 µs and the gate width to 100 µs. To increase the signal-tonoise ratio, every spectrum for a certain time step results from an accumulation of 10000 single spectra. Europium (III) is often excited at λ ex = 394 nm which corresponds to its highest resonant absorption transition. We decided to excite the samples at λ ex = 356 nm and λ ex = 361.7 nm. At λ ex = 361.7 nm the luminescence spectra contains significant contributions from both free and bound are, in both cases, in the range of previously published data for humic acids of different origin (12, 14) . However, the steeper slope of the Ca 2+ binding isotherm, compared to the one obtained in a previous study (24) , indicates that the Gohy-573 HA is more chemically heterogeneous than the purified peat humic acid, because the degree of heterogeneity controls the slope of the binding isotherm (12) .
The effect of Eu 3+ is more significant on Cu 2+ than on Ca 2+ binding (Figure 2 , and Pb 2+ were similar at pH 5 and 7.5 suggesting that these metal ions may bind to the same type of sites.
The fitting of the Ca 2+ data (Figure 1 ) is poor. It is important to give a reasonable description of the binding due to the nonspecific interaction and because the Donnan model was proved to be relevant to account for ionic strength effect for HA (28) . The most likely reason is a poor knowledge of the actual ionic strength as at very low background electrolyte concentration a small underestimation strongly influences the model outputs. The pH was fixed by adding small amount of KOH and HNO 3 ; this increases the ionic strength of the solution (calculation not shown here).
The ionic strength being higher than expected, i.e., 1.5 mM, a more accurate description of the Ca 2+ binding is obtained (Figure 1 ). Consequently, it is important to check the ability of the NICA-Donnan model to predict the metal ion speciation in a competitive environment. The free Eu 3+ concentrations were determined in TRLFS experiments as a function of the total Ca 2+ or Cu 2+ concentration and were used to validate the NICA-Donnan parameters ( Figure 3 , Table 1 ). Figure 4 presents the free Eu 3+ in solution measured by TRLFS vs the free Eu 3+ calculated by the NICA-Donnan model. Both are in good agreement as the data points cluster along the one to one line meaning that the increasing competitive effects with the increase of the total Cu 2+ or Ca 2+ concentration are accurately predicted. The model however overestimates the free Eu 3+ in solution for total Cu 2+ concentration higher than 0.08 mM (Figure 3 and Figure 4 ). This could be induced by the lack of data points at higher pH values that are needed to adjust log 2 K corresponding to phenolic type of sites site for both cations. Here, generic log concentrations are needed to test this hypothesis.
Predicting Ca
For Ca 2+ competitive experiments, the model describes very well the experimental data even when the ionic strength is controlled by the Ca 2+ salt added in the system (0.1 M < I < 0.3 M) ( Figure 3 and Figure 4 ), mainly because the interaction of Ca 2+ occurs through electrostatic effects. The agreement between experimental and calculated speciation therefore validates the NICA-Donnan parameters used for the simulation of competitive binding. 
Implications on the Mobility of REE and Actinides (III
